Responsive Fluorescent PNA Analogue as a Tool for Detecting G-quadruplex Motifs of Oncogenes and Activity of Toxic Ribosome-Inactivating Proteins.
Fluorescent oligomers that are resistant to enzymatic degradation and report their binding to target oligonucleotides (ONs) by changes in fluorescence properties are highly useful in developing nucleic-acid-based diagnostic tools and therapeutic strategies. Here, we describe the synthesis and photophysical characterization of fluorescent peptide nucleic acid (PNA) building blocks made of microenvironment-sensitive 5-(benzofuran-2-yl)- and 5-(benzothiophen-2-yl)-uracil cores. The emissive monomers, when incorporated into PNA oligomers and hybridized to complementary ONs, are minimally perturbing and are highly sensitive to their neighboring base environment. In particular, benzothiophene-modified PNA reports the hybridization process with significant enhancement in fluorescence intensity, even when placed in the vicinity of guanine residues, which often quench fluorescence. This feature was used in the turn-on detection of G-quadruplex-forming promoter DNA sequences of human proto-oncogenes (c-myc and c-kit). Furthermore, the ability of benzothiophene-modified PNA oligomer to report the presence of an abasic site in RNA enabled us to develop a simple fluorescence hybridization assay to detect and estimate the depurination activity of ribosome-inactivating protein toxins. Our results demonstrate that this approach with responsive PNA probes will provide new opportunities to develop robust tools to study nucleic acids.